Introduction
Biological responses to implanted biomaterials and medical devices play a critical role in determining their long term success. 1 The acute and chronic host response to foreign materials, and the formation of fibrotic tissue surrounding implants, often leads to compromised function, device failure and medical complications. 2, 3, 4 The foreign body response consists of a series of complex reactions involving various cell types, chemokines and cytokines. The recruitment of inflammatory cells such as neutrophils and macrophages to the implantation site is characteristic of the early response, i.e. acute inflammation, while fibrosis is typically associated with the later stages of chronic inflammation. Both physical and chemical properties of biomaterials influence the intensity and/or duration of the host response. 2 Numerous natural and synthetic materials have been used to fabricate coatings for implantable devices to mitigate their foreign body response. 5, 6, 7 For example, polymers such as polypeptide (poly(GVGVP)) has been used to modify the surface of silicone rubber and was found to reduce in vivo fibrous encapsulation by 33%. 8 Similarly, a phosphorylcholine-based polymer was used to coat a poly(ethylene-terephthalate) substrate and the coating was reported to decrease collagen deposition around the implant when compared to a high density polyethylene control. 9 One biomedical area where mitigating the foreign body response is essential to therapeutic success is cell encapsulation. Delivery of encapsulated cells to target tissues holds great promise for treating a range of diseases including type I diabetes, many types of cancers, and neurodegenerative disorders such as Parkinson's. 10 , 11 , 12 In cell encapsulation, a cationic polymer is often used to form a semi-permeable polyelectrolytecomplex capsule, which protects the encapsulated cells from immune system attack upon implantation while allowing for nutrient diffusion. 13 For example, in the alginate-based microencapsulation system, the polycation and the negatively charged alginate form a thin interpenetrating complex layer on the microcapsule surface that increases capsule stability and reduces permeability of inflammatory components, which may damage encapsulated cells.
14 Poly-L-lysine (PLL) is the first and most widely tested polycation for encapsulation of islet β-cells. 15 However, it has recently been shown that PLL induces a foreign body response, resulting in fibrotic capsules that eventually lead to islet necrosis. 16 The discovery of alternative, more biocompatible polycations therefore represents a critical Here, we describe our work generating a combinatorial library of novel cationic polymers, poly(β-amino alcohols) (PBAAs), and their evaluation as potential coatings for biomedical devices and cell encapsulation applications. Through an initial in vitro screening, we identified the polymer coatings that promoted or inhibited the activation of murine monocyte/macrophage cells by measuring the secretion of a pro-inflammatory cytokine, tumor necrosis factor α (TNF-α). The polymers that induced highest and lowest levels of TNF-α secretion were used to coat carboxylated polystyrene microparticles, which were subsequently injected subcutaneously into mice. Twenty-four hours after injection, significantly different levels of inflammatory cell recruitment into the implantation sites were observed through live animal imaging. Histological analysis of fibrosis around the particles 30 days after injection showed correlation with both the in vitro and in vivo imaging results, suggesting certain PBAA polymers are capable of mitigating the foreign body responses.
Poly(β -amino alcohols)
Poly(β -amino alcohols) (PBAA) were made via step-growth polymerization of a diepoxide and a bis-secondary amine or a primary amine. The reactions are robust and similar step growth polymerizations were used to make epoxy-based thermoplastics 20, 21 and copoly(carbosiloxanes). 22 Figure 1 (a) shows the general structures of the monomers and polymers. These polymers have several advantages as potential coatings to regulate the foreign body response. First, they are hydrolytically stable and often hydrophilic due in part to abundant hydroxyl groups. Hydrophilicity has been recognized as a common characteristic of biomaterials with low protein adsorption or cell adhesion. 23, 24 The nonbiofouling properties of oligo(ethylene glycol)-terminated self-assembled monolayers (SAMs), 25 A large number of chemically diverse polymers can be made through the variation of R1, R2 and R3 in figure 1(a) . Depending on the specific structures of the monomers and reaction conditions, the typical weight averaged molecular weights (Mw) of the polymers ranged from 7,000 Da to 25,000 Da with polydispersity (PDI) of 1.5 to 2.5. 
In Vitro Screening
We first sought to evaluate the effect of different PBAA coatings on monocyte/macrophage activation. To this end, we immobilized our library of PBAAs onto 96-well glass bottom plates. The surface of glass is generally hydrophilic and negatively charged under physiological conditions, and has been commonly used to immobilize polycations and build multilayer polyelectrolyte coatings. 28 Once immobilized, we measured the response of a murine monocyte/macrophage cell line to the coatings. Macrophages are one of the dominant cell types that regulate the foreign body response. 29 The behavior of macrophages on surfaces with different charge densities, 30 topography 31 , 32 and modulus 33 has been widely studied. It was found in particular that the surface chemistry 34, 35, 36, 37 has direct influence on the macrophage-material interactions, although the chemical diversity of the surfaces that have been explored to date is limited.
Monocyte/macrophage response to different polymer coatings was assessed by measuring the TNF-α concentration in the cell culture media 18 hours after cell seeding.
TNF-α is an important pro-inflammatory cytokine that plays a role in further recruitment and activation of inflammatory cells to injury sites. 38 The level of TNF-α secreted is an indicator of macrophage activation. 3.8
Relative TNF-a concentration Different polycation coatings To determine whether the differences in TNF-α observed could be attributed to differences in cell viability, cytotoxicity was measured using 3-(4,5-dimethylthiazol-2- 
In Vivo Evaluation of Immune activation and Biocompatibility
To examine the inflammatory response to these novel materials in vivo, four different PBAAs that induced the highest (A35 and B35) and lowest (A12 and B12) levels of TNF-α secretion were chosen to coat 20 μm carboxylated polystyrene beads. The size of the bead was selected to be large enough to limit phagocytosis 43 To measure the early foreign body responses to the injected beads, we examined the host response to beads coated with different PBAAs in live animals using fluorescent and bioluminescent imaging probes, Prosense®750 and luminol. Prosense is fluorescence sensor that measures the activity of Cathepsin B (and to a lesser extent Cathepsins K, L, and S). 44 The fluorescence signal correlates with the presence of neutrophils and monocyte/macrophages and can be used to assess the acute inflammatory response. Similar results were observed using luminol, a bioluminescent compound that reacts with reactive oxygen species (ROS) and emits blue luminescence. 46 It is known that during host responses to foreign bodies, neutrophils and macrophages release ROS, and therefore luminol has been used to measure the host response to implanted biomaterials. 47 The luminescent images obtained with luminol are shown in Figure 5 Christopher Levins, Dr. Arturo Vegas and Dr. Delai Chen for the discussions, and Mr.
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Experimental
Polymer Synthesis and Characterization The monomers used to make the poly(β-amino alcohols) were purchased from Sigma-Aldrich (Milwaukee, WI), TCI America 
